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Roles of binocular matching and correlation computations in depth

perception
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To derive depth information, the brain uses differences between two-dimensional images projected to the
left and right retinae (binocular disparity). In the primate cerebral cortex, both dorsal and ventral pathways
encode binocular disparity using different types of computations. The dorsal pathway encodes disparity by
computing cross-correlation between two retinal images (correlation computation). The ventral pathway
encodes disparity by computing globally consistent match between binocular images (matching
computation).

To examine perceptual roles of correlation and matching computations, I devised a novel
manipulation of random-dot stereograms (RDSs), which enables us to dissociate stimulus binocular
correlation and binocular match. Using these stimuli, I tested controversial hypotheses that (1) separate
mechanisms mediate depth perception depending on the magnitude of disparity, and that (2) separate
mechanisms mediate depth perception depending on the temporal property of stimuli. I found that both of
the disparity magnitude and the refresh rate of random-dot patterns affected relative contributions of
correlation and matching computations to depth judgment. For a small disparity magnitude (0.03°) and for
a slow refresh rate (5.3 Hz), depth judgment depended largely on binocular matching computation. When
the disparity magnitude was increased from small (0.03°) to large (0.48°) or when the pattern refresh rate
was increased from low (5.3 Hz) to high (42.5 Hz), depth judgment depended more on stimulus binocular
correlation. I further showed that matching computation can be implemented by a simple nonlinear
extension of correlation computation. I psychophysically confirmed this idea by manipulating RDSs so
that the extension of correlation computation no longer works to derive depth information. These RDSs
deteriorated small-disparity depth perception, which depends largely on matching computation.

From these results, I suggest that depth perception differentially reflects matching and correlation
computations. Depth perception for small disparities and for slowly changing stimuli largely depends on
matching computation. Depth perception for larger disparities and for more rapidly changing stimuli
depends more on correlation computation. The ventral pathway may implement matching computation by

nonlinearly transforming the outputs from V1, which computes local binocular correlation.
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